The Zarafshan river is a main trans-boundary river of the Aral Sea basin. As the main water resource, the Zarafshan river water is mainly used by the republics of Tajikistan and Uzbekistan. We explored the trends of space-time pollution of river water with ammonium, nitrates, phosphates, biological oxygen demand (ВОD), fluorine and some heavy metals at seven water sampling points along the Zarafshan River in Uzbekistan. The experimental data showed that the water quality of the Zarafshan river in 2002-2009 has undergone a considerable transformation, even by the length of the river. The chemical composition of the Zarafshan river water underwent changes due to the agricultural collector-drainage discharges and the sewage of the cities of Samarkand and Navoi. The water pollutants of the Zarafshan river, as a consequence of the agricultural pollution, consisted of mineralization, ammonium, nitrate, phosphate, and pesticides. Therefore, it is necessary to monitor the chemical composition of the large agricultural collector-drainage discharges into the river. The main sources of the heavy metals (primarily arsenic and zinc) in the Zarafshan river water were probably ore processing manufactures located in territory of Tajikistan.
Introduction
The origin of the Zarafshan river (contained within the topographical realm of the Amudarya basin) commences in Tajikistan. Also, a considerable part of this river basin is found in the Republic of Uzbekistan. The head waters of the Zarafshan river begin in Tajikistan at the Zeravshansky glacier. This glacier is located specifically in a mountain knot of Mt. Cokcy wherein there is a joint of the Turkestansky and Zeravshansky ridges. This occurs at an elevation of 2800 meters above sea level. The length of the Zarafshan river is 781 km; the drainage basin area is 143,000 km 2 . The average long-term water flow discharge amounts to 190 m 3 /sec, with the average long-term discharge of the river water being 5.103 km 3 [1, 2] . The Zarafshan river is a representative of the rivers having a glacier-snow feed. The increase of water discharge begins in April and increases generally each month until July, when it passes its high water (flood) period. The recession of the discharge river flow commences in August and continues until February-March, when it reaches its minimum discharge point [1, 2] .
The irrigated lands of the Zarfshan river basin within the Republic of Uzbekistan, which is part of the administrative division located in provinces of Samarkand and Navoi. The lower part of the Zarafshan river basin is fed by waters from the Amudarya through the Amu-Bukhara irrigation canal [2] . Published works by Kulmatov and Hoshimhodjaev [3] and Toderich [4] deal with investigations conducted concerning the qualities and quantities of the Zarafshan river water. The qualities of the river water for the short period dealt with the contents of heavy metals and others pollutants have been also investigated.
The economic situation and the prospects for the development of the economy of the Zarafshan river basin have also been analyzed [2, 5] . The distributions of diseases along the Zarafshan river basin have been studied by using GIS technologies [6, 7] . Olsson et al. [8] studied the long-term changes of the Zarafshan river discharge by using hydrological models. However, published works that are available have not included any studies dealing with the long-term trends of space-time distributions of some pollutants of the Zarafshan river.
Previously, we have studied the space-time changes of the general mineralization, concentrations of nitrites, phenol, mineral oil and copper at four water sampling points along the Zarafshan river [5] . In this study, we continue our investigation on the space-time of changing trends of concentrations of ammonium, nitrates, phosphates, ВОD,
Materials and Methods
The map of the Zarafshan river basin is shown in Figure  1 . As can be seen, the upstream part of the river basin is located in the territory of Tajikistan, the middle and downstream parts of the river are in the territory of Uzbekistan. For this study, the following seven water sampling points were chosen in the territory of Uzbekistan: P1-Ravathodja (on the Tajik-Uzbek border); P2-The city of Samarkand, 1.5 km above of the Akdarya water division; P3-The city of Samarkand, 0.5 km above the Siab collector;
P4-The city of Samarkand, 3.7 km below the mouth collector of Taligulyan; P5-The settlement of Hatirchi (at the horn of the Karadarya river); P6-The city of Navoi, 1 km above the discharges of waste water at the Navoiazot factory; P7-The city of Navoi, 0.8 km below the discharges of waste water at the Navoiazot factory.
The selected seven water sampling sites (P1 -P7) and main collectors' discharges in the Uzbekistan part of the Zarafshan river are presented in Figure 2 . 
Water Analysis
Water samples collected were analyzed at the laboratory of the Hydrometeorological Research Institute (NIGMI) in Tashkent, Uzbekistan, by using standard analysis methods [9] . By using spectrophotometric, photometric and atom absorption methods, the concentrations of ammonium, nitrate, fluorine, zinc, arsenic, iron, and chromium were analyzed, respectively. The chloroorganic pesticides (α-ГХЦГ, µ-ГХЦГ, DDТ and its metabolites DDE and DDD) were analyzed by gas chromatography methods [9] .
Results and Discussion
Data regarding the concentrations of the polluting substances that were analyzed at seven sampling sites of the Zarafshan river are given in Figures 3-10 . In Figures 3-10 , the average annual concentrations of water pollutants are given. Note that the data for 2007 is not available here due to some technical reasons.
Ammonium
In Uzbekistan, the maximum allowable concentrations (MAC) value for ammonium is 0.39 mg/L. Space-time fluctuations of the concentration of ammonium for the investigated period were in range of 0.01 -0.12 mg/L (Figure 3) . In 2002, concentrations of ammonium at the sampling sites of Samarkand, 0.5 km below the of the discharge of waste waters (Р3), and 3.7 km below the discharge of waste waters (P4) were found to be two times higher than the average concentrations of ammonium of the river channel. In 2008 and 2009, at the sampling sites of the city of Navoi, which was 0.8 km below the discharge sites of waste waters from the Navoiazot factory, it was found to be rather high averages for concentrations of ammonium (0.1 -0.12 mg/L). On the whole, the ammonium concentration of the Zarafshan river channel did not exceed the MAC values for surface waters.
Nitrate
In Uzbekistan, the MAC value for NO 3 is 45 mg/L (N-NO 3 ).
In the river water, concentrations of nitrates gradually rise from the sampling sites Ravathodja to the sampling site of the city of Navoi, which was 0.8 km below the discharge areas of waste waters from the Navoiazot factory ( 
Phosphate
At the sampling point of Ravathodja, for all the aforementioned periods, the concentrations of phosphates were insignificant; in fact, merely 0.001 -0.005 mg/L ( Figure 5 ). In the period of 2005-2008, rather high concentrations of phosphates at the sampling site of the city Navoi, 0.8 km below the discharges of waste waters from the Navoiazot factory (P7) were noted. High concentrations of phosphates were constantly found to be characteristic for the sampling site of Samarkand located 0.5 km above the Siab collector, which is probably related to discharges of industrial and agricultural sewages from Samarkand city and the Samarkand province. 
Fluorine
The MAC level of fluorine is 0.75 mg/L in Uzbekistan. In the river water at the sampling site Ravathodja, the concentration of fluorine was on average about 0.2 mg/L for the investigated period. In the Uzbek part of the river, the concentrations of fluorine gradually rose (Figure 6 ). It is known that the composition of phosphoric fertilizers contains fluorine as a residual element [10] [11] [12] . Consequently, fluorine has been found in the collector-drainage waters into the river water. On the whole, the concentration of fluorine still did not exceed the MAC value at the river channel.
Biological Oxygen Demand (BOD)
In Uzbekistan, the MAC value is 3.0 mg О 2 /L. In the Uzbek part of the river channel, there was an evidence of a gradual increase of concentrations of dissolved oxygen (Figure 7) . At the Ravathodja sampling site, the concenrations of BOD were on average 0.8 -1.9 mg/L for all of the investigated periods. The concentrations of BOD rose throughout the entire length of the river channel. Very high concentrations of BOD have been discovered in the sampling sites, P2 -P5, for the periods of 2002 and 2004. There were also some increasing concentrations of BOD at the sampling sites of Р6 and Р7 in 2005 and 2006. The oxygen concentration of the river water during the investigated period was adequate with the concentrations of the dissolved oxygen at the level of 0.6 -2.5 mg О 2 /L.
Heavy Metals
In the rivers water arid zone, heavy metals are present in different forms, such as ions, simple inorganic complexes, complexes with organic micro-and macromolecules (e.g. humic substances), as well as in the form of the metals adsorbed on the surface of suspended matter [13] . Uzbekistan's national water quality standard estimates of total metal concentrations and MAC values are provided R. KULMATOV ET AL.
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for the total metal concentrations.
Iron
Unfortunately, the sensitivity of method employed in measuring of the iron in the river waters is inadequate when dealing with such minute quantities of iron wherein they are, for instance, at the level of 0.01 -0.02 mg/L of iron (Figure 8) . Concentrations of iron fluctuated from 0.01 to 0.15 mg/l, which is below that of MAC value (0.5 mg/L) for iron. 
Arsenic
The MAC value for arsenic is 0.05 mg/L in Uzbekistan. Concentrations of arsenic were noted to be high in all periods for the research done on the sampling site of Ravathodja. High concentrations of arsenic in the sampling site Ravathodja were probably connected with the discharges from the ore processing enterprise located in the territory of the Republic of Tajikistan (Figure 9 ). There was a considerable decrease in arsenic concentrations noted for the period of 2003-2004, which was due to the reduction of ore processing. In 2005, the indiscriminate discharge of waste water from these enterprises resulted in the increased concentrations of arsenic (5.5 µg/L). In Uzbekistan, in 2002, the maximum concentration of arsenic was more than 2 µg/L and in 2005, it was 5.5 µg/L. For the period of 2003-2009, the sampling sites revealed about 0.1 µg/L of arsenic for both areas of the city of Navoi (1 km above the discharges of waste water at the Navoiazot factory) and (0.8 km below the discharges of waste water at the Navoiazot factory). The sensitivity of the method employed here was still low.
Chromium
The MAC values for Cr(VI) and Cr(III) are 0.001 mg/L and 0.5 mg/L, respectively. Concentrations of Cr(VI) in the Ravathodja sampling site were on average 0.2 -0.5 µg/L. Rather high concentrations of Cr(VI) at the Navoi city sampling sites, 1 km above the discharges of waste water at the Navoiazot factory and 0.8 km below the discharges of waste water at the Navoiazot factory (Р6 and Р7) were noted. During the period of 2002 and 2003, concentrations of Cr(VI) in these sampling sites were two to three times higher above the MAC value ( Figure  10 ). Since 2004, a slight decrease in the concentrations of Cr (VI) in the river water was also noted. 
Zinc
The MAC value is 0.01 mg/L in Uzbekistan. Concentrations of zinc in 2003 at the Ravathodja sampling site were somewhat higher than that of the MAC value; namely 11 µg/L (Figure 11) . As previously mentioned, this was probably due to discharges from the ore processing enterprise of Tajikistan. On the whole, the concentrations of zinc were essentially stable, averaging 3 -4 µg/L; however, this does not exceed the MAC value.
Pesticides
For alfa-hexachloran (α-HCH), the MAC value of surface waters is 0.002 mg/L, whereas the MAC value for fishery water is virtually absent; and, for µ-HCH (Lindane), the MAC value for surface water is 0.004 mg/L. Likewise, the MAC value for fishery water is absent. In Uzbekistan, the organochlorine pesticides, such as DDT and its metabolites as well as hexachloran (α-isomer of HCH) and Lindane (µ-isomer of HCH) were banned for the use in agricultural industry. However, during the Soviet Union period, these pesticides were continuously employed to obtain "cotton independence", and this repeatedly exceeded the international standards in terms of concentrations [10] [11] [12] . The samples of the river water were analyzed for concentrations of any residual quantities of chloroorganic pesticides, including α-HCH, µ-HCH, DDТ and its metabolites (DDE and DDD). (Table 3) . Also, high concentrations of α-HCH at the city Samarkand sites (0.5 km above the Siab collector) and (3.7 km below the mouth collector of Taligulyan) were noted. Generally, the concentrations of α-HCH were 0.001 µg/L or not able to be detected. The concentrations of µ-HCH were also negligible. In the samples of water in 2003, the concentrations of µ-HCH were 0.002 -0.004 mg/L. For the concentrations of µ-HCH, the levels were at 0.003 µg/L for the following sampling sites: the settlement of Hatirchi (at the horn of the Karadarya river) and the city Navoi (1 km above the discharges of waste water at the Navoiazot factory). The concentrations of DDT and it metabolites (DDE and DDD) were found to be 0.000 -0.001 µg/L, with the MAC value being 0 -0.1 µg/L. For all of the investigated periods, the concentrations of HCH and DDT in the Zarafshan river channel were lower than their MAC values.
Сollector-Drainage Discharge into the Zarafshan River
As mentioned above, one of the basic sources of pollution of the river water is the agricultural collector-drainage water from the irrigated lands. These waters are similarly polluted throughout all of the Uzbek part of the Zarafshan river. Fiscal constraints have precluded the measurement of the quality and quantity of the collectordrainage discharges into the Zarafshan river from being carried out. The data is sketchy concerning the concentrations of chemical substances found in the large collector-drainage waters (as opposed to the smaller ones) of the Zarafshan river basin [10, 11] . 
Navoi Province
The Navoi province is located in a middle part of the Zarafshan river basin. The water resources of Navoi province are the Zarafshan and Amudarya rivers as well as a man-made channel known as the Amu-Bukhara channel which diverts water from the Amudarya river to the Zarafshan rivers basin. The total water utilized for irrigation during the period of 2002-2005 changed from 1.67 to 1.88 km 3 , while that of the collector discharges changed from 0.75 to 0.88 km 3 [10, 11] . The Zarafshan river receives discharges of waters from the following collectors: the Akaltin-2, the Central, and the Narpay for a total volume of 95.4 million m 3 containing a total mineralization of 1.66 -2.93 g/L. The composition of these waters consists of chloride-sulphate-calcium-so-diumagnesium (HS-CSM). In Table 3 , the data relates to the chemical composition of some collector drainage waters of Navoi province that discharge into the Zaraf-shan river. The general mineralization, concentrations of nitrates, chlorides and sulfates were found to be higher in the collector drainage water than that of the Zarafshan river.
Conclusions
The data analysis of the Zarafshan river water quality for the last seven years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) has shown that the quality of the river water has undergone a considerable transformation, even by the length of the river. At the sampling site of Ravathodja, the water was comparatively less polluted than that found at the middle of the river's course and near its terminus. The chemical composition of the Zarafshan river water underwent changes due to the agricultural collector drainage discharges and also from the sewage of the cities of Samarkand and Navoi.
There has been a decrease in concentrations of ammonium, BOD and chromium in the river water, but that was almost insignificant. At the same time, there has been somewhat of an increase of concentrations of phosphates, zinc and arsenic. The maximum concentrations of these polluting substances at the site below the city of Navoi have been noted to be composed of ammonium (about 0.12 mg/L), chromium (about 3.8 µg/L, which is approximately 3.8 times higher than that of the MAC value). The oxygen concentration in the Zarafshan river water was evaluated as adequate.
The water pollutants of the Zarafshan river, as a consequence of the agricultural pollution, consisted of mineralization, ammonium, nitrogen, phosphorus, and pesticides. In the future it will be critical to monitor the chemical composition of large agricultural collectors discharge into the river.
The sources of the heavy metals of Zarafshan, which are primarily arsenic and zinc, probably were due to the ore processing manufacturing located in Tajikistan. The aforementioned requisite monitoring is also for not only the Zarfshan river but also for the large collector drainage waters as it relates to mercury, antimony and selenium.
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